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Abstract 
The deposition of HfO2 and MgO layers from Hf(thd)4 and Mg(thd)2 by Pulse MOCVD technique with discrete reagents 
dosage in slit systems with uniform and nonuniform susbtrqate materials is considered. The obtained layers were studied 
by menas of scanning ellipsometry. The effect of the three-dimensional image transfer in the slit structure from one 
substrate to the opposite one in hte form of a relief nanometer-sized film was discovered. This effect may be used for non-
lithographic formation of film structures.  
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Introduction 
Artificially made and ordered microsystems of the MEMS type, meta-materials, microchannel plate, 
microreactors and so on are increasingly widely used in modern technologies. In some cases, in these 
microsystems it is necessary to deposit functional nanocoatings onto developed microrelief which contains 
slits (Ohshita, et al., 2002), channels (Sullivan, at al., 2012, Beaulieu, et al., 2009, Dwivedi, et al., 2009), wells 
(Chang, et al., 2004, Kon, et al., 2009), porous substrates (Krumdieck, et al., 2007) including those with the 
high aspect ratio. 
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The use of the physical methods of coating deposition is hindered in the systems with developed relief. 
To solve these problems, the best suitable techniques are the versions of CVD – ALD (Adomaitis, 2010), 
Pulse MO CVD (Sleeckx, et al., 2009, Siriwongrungson, et al., 2007), or Pulse CVD with discrete reagents 
dosage (Igumenov, et al., 2007). 
The goal of the present work was to study the features of the deposition of metal oxide nanolayers in slit 
systems. To solve this problem, we chose the Pulse MOCVD process with discrete dosage of reagents. 
Volatile precursors of hafnium and magnesium were used as molecular precursors. 
1. Experimental section 
1.1. Deposition procedures 
We carried out experiments on the deposition of the oxide layers of MgO and HfO2 by means of Pulse 
MOCVD with discrete dosage of the gas-phase precursor and reactant gas at each deposition cycle. The 
characteristics of the set-up were described in detail in (Shevtsov, et al., 2013). Figure 1 shows the scheme of 
the thermostated part of reactor with discrete dosing of gaseous reagents using the system of "hot" vacuum 
valves (Fig. 1, position 1). Vapor concentration in the dosing volume (Fig. 1, pos. 3) is governed by precursor 
vapor pressure at the temperature determined by the heater of the evaporator (Fig.1, pos. 2). To deposit HfO2 
layers, we used hafnium tetrakis dipivaloylmethanate Hf(thd)4 as precursor, whereas Mg(thd)2 was used as a 
precursor of MgO; here (thd = Me3CCOCHCOCMe3). In the experiments on film deposition, the temperature 
of Hf(thd)4 evaporator was 235 °C, while the temperature of Mg(thd)2 evaporator was 210 °C, which 
corresponded to vapor pressure above the solid and liquid phases in the evaporator equal to 1.6 Torr. To 
prevent precursor vapor condensation, the communications (tubings) and dosage valves of the set-up, placed 
in the thermostat, were heated to 250 °C. The accuracy of thermostat temperature maintenance was ±1 °ɋ. The 
growth of oxide layers was performed with discrete dosage of oxygen into the reaction chamber to the 
pressure of 15 Torr. Residual pressure in the reactor after each cycle was 10-2 Torr. 
 
Fig. 1. Scheme of the thermostated part of MOCVD reactor with the system of discrete dosage of the vapor 
phase of reagents. 1 – vacuum «hot» valves with pneumatic control; 2 – precursor evaporator; 3 – dosing 
volume; 4 – pulse gas dosage unit. 
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The growth temperature of the films of hafnium and magnesium oxides was 450°ɋ. Temperature was 
maintained at the accuracy of ±2 °C. A typical sequence of operations of a single deposition cycle is shown in 
Table 1. 
The total number of the cycles of oxide layer deposition was the same in all the experiments and was equal 
to 100. 
 
 
Table 1: Sequence of operations in a single deposition cycle 
 
1.2. Objects 
In the experiments on film deposition, we used the structure consisting of two flat parallel substrates with 
the controllable slit size (Fig. 2a). The size of the slit was varied in experiments within the range from 0.3 to 1 
mm. A glass plate 30×30 mm2 in size, 2 mm thick, with the lithographic pattern on Cr layer was used as the 
upper substrate (Fig. 2b). The thickness of Cr coating was 25 nm. The Si (100) plates and a glass plate with a 
continuous Cr layer were used as the lower substrate. 
 
a)     b) 
Fig. 2. The system for layer deposition: a) slit structure where n is the size of the slit (gap) between the 
substrates; b) glass substrate with lithographic pattern on Cr layer 
Stage 
of cycle  Operation  
Time of stage 
(s) 
1 evacuation of reaction chamber  60 
2 admission of the gas phase precursor into the dosing volume  15 
3 inlet of the gas phase precursor into the reaction chamber  3 
4 exposure  10 
5 inlet of reactant gas into the reaction chamber  2 
6 exposure  20 
7(1’) evacuation of the reaction chamber  60 
 Total time of cycle 110 
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1.3. Characterization of oxide layers 
The films of HfO2 and MgO were characterized using a set of physical methods (XPA, XPS, SEM, EDS) 
(Shevtsov, et al., 2013, Kuchumov, et al., 2009). Film thickness was measured by means of laser ellipsometry 
with a scanning ellipsometer with the high spatial resolution «MIKROSKAN» (Rzhanov Institute of 
Semiconductor Physics). Measurements of ellipsometric angles were carried out at the wavelength of 632,8 
nm, the angle of light incidence on the sample was 60ɨ. The spatial resolution in the scanning mode was ~ 10 
μm. 
2. Results and discussion 
During the deposition of oxide films on the slit structure with the upper substrate with chromium pattern 25 
nm thick (Fig. 2b), the image corresponding to the pattern on the upper substrate was visually observed on the 
lower substrate (Fig. 3a). The images were obtained both on Si substrates (Fig. 3a) and on glass coated with 
chromium (Fig. 4a). The pattern was reproduced in the deposition of both MgO layers (Fig. 3a, 4a) and HfO2 
layers (Fig. 5). After substrate interchanging, the image was reproduced but it was less clear.  
The surface of the resulting films was studied by means of scanning ellipsometry, which allowed us to 
reveal the presence of ordered relief corresponding to the pattern. Under the same experimental conditions, the 
thickness of MgO films on Si (Fig. 3b) is smaller than that on the Cr sublayer (Fig. 4b), which corresponds to 
different rates of MgO growth on different substrates. The thickness of resulting films at the sites opposite to 
the squares of chromium was smaller than that at the sites opposite to the gaps between chromium squares 
(Fig. 5, 6). We also studied the effect of slit size (0,3; 0,5 and 1 mm) on the contrast of the transferred image at 
the film deposition temperature of 450°ɋ. With an increase in slit size to 1 mm the relief of the substrate was 
more diffuse. Analysis of the results provides evidence that no significant differences were observed in the 
character of deposited HfO2 and MgO layers (Fig. 3, 4, 5). Film grows also on the upper substrate with Cr 
pattern but we failed to analyze it by means of laser ellipsometry at the regions free from Cr because of the 
close refraction coefficients for glass and for deposited films. 
 
 
 
 
a)      b) 
Fig.3. Transferred image of MgO film on Si substrate, n = 0,3 mm: a) optical photograph; b) film relief 
according to the data of scanning ellipsometry. 
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a)      b) 
Fig. 4. Transferred image of MgO film on glass substrate with metallized surface, n = 0.5 mm:  
a) optical photograph: 1- continuous metallized surface; 2- surface with lithographic pattern  
b) film relief according to the data of scanning ellipsometry on continuous metallized surface. 
 
 
 
 
Fig. 5. The relief of HfO2 film according to the data of scanning ellipsometry on Si substrate, n = 0.5 mm. 
 
 
So, for the first time, the effect of spatial transfer of image from one plate to another (parallel to the first 
one) was discovered in MOCVD experiments. For discussing the mechanism of this phenomenon, it is 
necessary to take into account the following experimental features: 
1. The distance between the plates is much less than their cross size and the size of images, which allows 
constructing two-dimensional theoretical models. 
2. The relations between the pressure in the reactor and the cross size of the plates are such that the time of 
gas leakage into the gap between the plates is much shorter than exposure time. This allows us to use the 
stationary condition for the process of image formation. 
3. The values of thermodynamic parameters are such that the free path of molecules is about two orders of 
magnitude smaller than the distance between the plates (Knudsen number is about 0.01), which provides: 
a) Impossibility to use the model of ultra-rarefied gas within which the image is transferred from one plate 
to another as a result of collision-free flight of molecules from one plate to another;  
b) Reasonability to use the models of continuous media to describe the phenomenon under consideration. 
(Schlichting, 1968). 
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4. The occurrence of chemical reactions on the surface (taking into account heat application from the plate 
to gas) is accompanied by the active generation of new components of the gas mixture, which causes an 
increase in pressure in the subsurface layer and the flux of reaction products from the surface into the space 
between the plates. In this case, it is impossible to use the model of simple heat conductivity which implies the 
resting gas medium.  
At the same time, viscosity may be neglected for thermodynamic parameters of gas in the experiment, 
which excludes the use of the model of convective flows and the theory of convective instability (Benard 
instability). (Chandrasekhar, 1961, Busse, et al., 1971) 
Thus, it is demonstrated that the synergetic transfer of images from one substrate to the opposite lying 
substrate is observed in slit structures as a result of intense heat and mass application under strongly 
nonequilibrium conditions in the gas phase in pulsed MOCVD processes; the mechanism of the transfer has 
been unknown until present.  
This provides the necessity to use the synergetic approach the foundations of which were laid in the works 
by (Nicolis, et al., 1977). 
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